INTRODUCTION
Heart failure is a complex systemic clinical syndrome 1 and coronary artery disease is the main cause of heart failure of ischemic origin. 2 An obesity paradox is commonly reported among patients with heart failure, in which patients with high adiposity have a better prognosis than do individuals who are normal or underweight. 3 The prognostic value of indexes that detect excess abdominal body fat, such as waist circumference (the traditional tool) and the visceral adiposity index (an alternative and emerging tool) have been evaluated among individuals with ischemic heart failure, 4 since abdominal obesity is also associated with coronary heart disease.
In addition to abdominal obesity, there has been increasing interest in the role of the atherogenic lipid triad, i.e. hyperinsulinemia, elevated apolipoprotein B and small, dense low density lipoprotein (LDL) particles, in the genesis of coronary artery disease. 5, 6 However, difficulties in obtaining these parameters in routine practice hinder their use in screening for individuals at high cardiovascular risk. The hypertriglyceridemic waist phenotype (enlarged waist and elevated triglycerides, EWET), defined as simultaneous presence of increased waist circumference and elevated triglycerides, seems to more accurately identify individuals who are at risk, compared with isolated measurements of waist circumference or serum triglycerides, 7 and can be applied in clinical practice. In addition to the strong association of the hypertriglyceridemic waist phenotype with the atherogenic triad, 8, 9 it is related to increased visceral adipose tissue, 10 worse cardiometabolic profile (both in the general population [11] [12] [13] and in individuals who are at risk 14, 15 or who present cardiovascular disease 16 ), higher incidence of coronary artery disease and cardiovascular mortality. 17 Low high-density lipoprotein-cholesterol (HDL-c) levels are negatively associated with cardiovascular events in individuals with cardiovascular diseases. 18, 19 Individuals with the hypertriglyceridemic waist phenotype have been found to present decreased HDL-c levels 11, 12 and smaller HDL particles. 20 Gomez-Huelgas et al. 12 showed that subjects without cardiovascular disease but with the hypertriglyceridemic waist phenotype had lower HDL-c levels independently of sex and age. However, the prevalence of the hypertriglyceridemic waist phenotype was higher in men and it was positively associated with age. In a multiethnic population also without cardiovascular disease, 11 men with the hypertriglyceridemic waist phenotype showed lower HDL-c levels than women, while HDL-c levels were significantly lower in women with hypertriglyceridemic waist than in those without this phenotype.
Lower levels of HDL-c and higher levels of serum triglycerides may lead to a worse prognosis for ischemic heart disease patients. 21 Moreover, adipokines secreted by visceral adipocytes may negatively contribute towards decreased HDL-c levels in individuals with heart failure. 22 Although the hypertriglyceridemic waist phenotype has been investigated in populations in which the obesity paradox is common, 23 it has not yet been evaluated in heart failure patients.
OBJECTIVE
To evaluate a possible association between HDL-cholesterol and hypertriglyceridemic waist in men and women with heart failure.
METHODS
We performed a cross-sectional analysis among patients who had previously been diagnosed with heart failure and who were enrolled at the baseline of a cohort study conducted in a public tertiary hospital. Between 2011 and 2012, these patients were consecutively enrolled if they met the following inclusion criteria: history of New York Heart Association class I-IV heart failure defined by cardiologists in accordance with the American 26 and hip circumference was measured at the maximum protuberance of the buttocks. The waist-hip ratio was calculated by dividing the waist circumference by the hip circumference, and an elevated waist-hip ratio was defined as > 0.90 for men and > 0.85 for women. 27 The ejection fraction (%) was determined during a transthoracic echocardiogram, using color Doppler and tissue Doppler imaging (GE VIVID 3, General Electric, Norway). 2 These data were obtained from patients' medical records. Heart failure etiology was diagnosed by the cardiology staff and was registered in the medical records: ischemic etiology was defined if the individual had a previous diagnosis of ischemic heart disease. Patients were deemed to present hypertriglyceridemic waist (main independent variable) if they had waist circumference ≥ 94 cm (men) or ≥ 80 cm (women) + serum triglycerides ≥ 150 mg/dl. 28, 29 Thus, these patients were considered were considered to present the hypertriglyceridemic waist phenotype. Blood pressure was determined using standard techniques, and patients were considered hypertensive if they had previously been diagnosed with hypertension (collected from the medical records), if they had systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg, or if they were taking antihypertensive drugs. 23 Fasting blood glucose ≥ 126 mg/dl or glycated hemoglobin ≥ 6.5%
or a previous medical diagnosis were used to detect patients with type 2 diabetes mellitus. 30 Sample size was calculated using the WinPepi software, version 11.18. The total sample size required for the study was calculated as 76 individuals, by making the assumptions that the prevalence of hypertriglyceridemic waist phenotype would be at least 20% in the sample, with a difference of at least 7 mg/dl in HDL-c levels between patients with and without the hypertriglyceridemic waist phenotype (standard deviations of 12.3 and 9.4 mg/dl, respectively), 13 a power of 80% and a significance level of 5%.
Analyses were performed using the Statistical Package for the No differences between men and women were observed regarding HDL-c levels (40.5 ± 14.6 mg/dl in men and 40.9 ± 12.7 mg/dl in women), systolic arterial pressure (120.1 ± 17.6 mmHg in men and 124.5 ± 18.7 mmHg in women) or diastolic arterial pressure (74.1 ± 11.8 mmHg in men and 75.1 ± 10.9 mmHg in women).
Regarding patients diagnosed with ischemic heart failure, 17
were using statins, of whom three were classified as New York Heart
Association grades I and II, and 14 as New York Heart Association grades III and IV, with no statistical difference (P = 0.3) between them.
Among the patients with nonischemic heart failure, 36 were using these medications, of whom nine were classified as New York Heart
Association grades I and II, and 27 as New York Heart Association grades III and IV, also with no statistical difference (P = 0.9). Mean HDL-c levels in men and women according to presence or absence of the hypertriglyceridemic waist phenotype are shown in Table 2 . In univariate analysis, men with the hypertriglyceridemic waist phenotype had significantly lower (P = 0.001) HDL-c levels than men without the hypertriglyceridemic waist phenotype, but this was not observed among women (P = 0.2).
The significant association between the hypertriglyceridemic waist phenotype and HDL-c (P = 0.04) among men was observed even after adjusting for age, BMI, diagnosis of type 2 diabetes mellitus, statin use and heart failure etiology (ischemic/nonischemic) in the multivariate analysis.
DISCUSSION
To our knowledge, this is the first study to evaluate the presence of the hypertriglyceridemic waist phenotype among individuals with heart failure, and also the association of this phenotype with HDL-c levels. We observed high prevalence of the hypertriglyceridemic waist phenotype in the study group (higher among women than among men), which was associated with HDL-c levels in men after adjusting for age, BMI, diagnosis of type 2 diabetes mellitus, statin use and heart failure etiology. Few studies have investigated the hypertriglyceridemic waist phenotype in Brazil; Multivariate analysis, using analysis of covariance (ANCOVA) model: mean adjusted for age, body mass index, medical diagnosis of type 2 diabetes mellitus, statin use (yes/no) and heart failure etiology (ischemic/nonischemic). prevalence of 4.5% was reported among young adults 31 and 33%
among Brazilian women with hypertension. 14 The prevalence of the hypertriglyceridemic waist phenotype varies according to the population studied. Gasevic et al. 11 compared the prevalence of the hypertriglyceridemic waist phenotype between Aboriginals, Chinese, Europeans and South Asians, and higher prevalence was found among Chinese people, in both genders. The hypertriglyceridemic waist phenotype was reported in 14.5% of the participants in a study conducted in Spain, 12 and in 41.3% of the individuals with diabetes mellitus in a Serbian population. 14 The notable differences in prevalence of the hypertriglyceridemic waist phenotype in previous studies may be due to different cutoff points for defining elevated waist circumference in different ethnic groups, and different serum triglyceride values for calculating the hypertriglyceridemic waist phenotype. In the present study, we used the waist circumference and serum triglyceride values proposed in Brazilian guidelines.
Body fat distribution differs between men and women in the general population, 32 but in our study the frequency of individuals with elevated waist-hip ratio was higher than that of obesity (defined according to BMI), in both genders. Measurement of abdominal adiposity is useful for assessing the risks associated with obesity and excess visceral fat. Visceral adipose tissue, in turn, is metabolically active and associated with insulin resistance, hypertriglyceridemia, small LDL particles and low HDL-c levels. 33 However, an increased waist-hip ratio may also result from loss of muscle and fat mass from the lower limbs, which is usually associated with the aging process and the pathophysiology of heart failure, particularly the more severe forms. In a study by
Fülster et al. 34 on heart failure patients with a mean age of 66 years, muscle wasting was more pronounced in these individuals than what would be expected for subjects of the same age group. These authors suggested that cachexia relating to chronic heart failure prevails over aging-related loss of lean mass. Therefore, an elevated waist-hip ratio may reflect not only excess abdominal fat accumulation, but also a risk of loss of muscle mass or subcutaneous fat.
It is worth mentioning that cardiac cachexia is strongly associated with an inflammatory process. 35 Hypertrophied visceral adipocytes increase the release of fatty acids via lipolysis and may also contribute towards activation of adipokines involved in inflammation. 36 As previously mentioned, visceral adiposity plays a role in the pathophysiology of type 2 diabetes mellitus and dyslipidemia. The hypertriglyceridemic waist phenotype can be considered to be an indicator of visceral adiposity that includes anthropometric and biochemical components that are highly associated with a worse cardiometabolic profile and higher prevalence of diabetes, dyslipidemia and statin use. In addition, the higher ejection fraction values observed in patients with the hypertriglyceridemic waist phenotype could be a reflection of the obesity paradox in cases of heart failure, i.e. higher adiposity levels would be associated with lower mortality and hospitalization rates. 3 In our study, no patients who were identified as alcohol abusers had the hypertriglyceridemic waist phenotype. HDL-c plays a key role in reverse cholesterol transport and attenuates the levels of serum triglycerides. Additionally, ethanol seems to increase HDL apolipoprotein A-I and A-II transport rates by increasing hepatic production. 37 Therefore, increased HDL-c levels may have contributed towards maintenance of serum triglyceride levels within the normal range (< 150 mg/dl) in the alcohol abusers of our study group. However, we did not evaluate potential associations between other cardiometabolic factors and alcohol consumption.
We found no significant differences in statin use, heart failure functional class and heart failure etiology between patients with and without the hypertriglyceridemic waist phenotype.
According to the American Heart Association, 2 statins should not be used as adjunct therapy in cases of heart failure alone, when no other criteria for their use are met (presence of metabolic syndrome and coronary artery disease). Statin therapy in heart failure patients is controversial, because despite its pleiotropic anti-inflammatory effect, the most effective lipoprotein within the context of cardiovascular risk and protection has not yet been identified. 38 Higher levels of serum LDL-cholesterol, HDL-c, ApoA-I, ApoB and triglycerides seem to be associated with a better prognosis. 39 A significant association between the hypertriglyceridemic waist phenotype and HDL-c levels was found among men but not among women, even after adjusting for some confounding variables. This finding may be explained by several factors: first, the markedly higher visceral fat accumulation in men in comparison with women, which is accompanied by elevated serum triglycerides and reduced HDL-c 40 (although not statistically different, the mean BMI among the women in this study was higher than that of the men, thus suggesting greater subcutaneous fat deposition); 41 second, the effect of abdominal obesity on proinflammatory states and their atherogenic consequences, including reduction in HDL-c levels; 33 and finally, changes in HDL-c levels that are commonly observed in heart failure patients, especially those with ischemic heart failure. 22 The inflammatory process involved in the pathophysiology of heart failure per se leads to reduction of HDL-c, which plays a significant anti-inflammatory role in the etiology of the disease. HDL-c inhibits expression of cell adhesion molecules that promote monocyte infiltration through the endothelium, and decreases the inflammatory process that precedes development of heart failure. 42 Some of the limitations of our study include the facts that this was an exploratory analysis and that the cross-sectional design of the study might point to reverse causality; the small sample size, which may have conferred higher variability and may have lacked power to detect some associations, especially among women; and the fact that the study was carried out in a public tertiary-level hospital that deals with patients with higher prevalence of more severe forms of heart failure, which may limit the generalization of these results.
CONCLUSION
The prevalence of the hypertriglyceridemic waist phenotype among our patients with heart failure was high. Reduced HDL-c levels were observed in men with the hypertriglyceridemic waist phenotype, even after adjusting for age, general adiposity, statin use and diagnosis of type 2 diabetes mellitus. Further studies are still needed to identify better anthropometric indicators for altered metabolic profiles and better predictors of the risk of cardiovascular events in heart failure patients. Also, further studies on other populations would enable discussion and comparison of our findings.
